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Presentation Outline

History and background on CE

Fundamentals of CE
— sample prep, injection, separation, detection

ABI 3500
Troubleshooting strategies and solutions
* Questions

My Goal:
To help you understand the basic chemistry behind DNA separations
and to help make CE instruments less of a “black box”



NIST and NIJ Disclaimer

Funding: Interagency Agreement between the National
Institute of Justice and NIST Office of Law
Enforcement Standards

Points of view are mine and do not necessarily represent

the official position or policies of the US Department of Justice or the
National Institute of Standards and Technology.

Certain commercial equipment, instruments and materials are identified
In order to specify experimental procedures as completely as
possible. In no case does such identification imply a
recommendation or endorsement by the National Institute of
Standards and Technology nor does it imply that any of the
materials, instruments or equipment identified are necessarily the
best available for the purpose.

Our publications and presentations are made available at:
http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Pioneers of Caplillary Electrophoresis

Stellan Hjertén
Uppsala University

1967

First high voltage CE
system (with rotating
3 mm i.d. capillaries)

James Jorgenson
University of North Carolina

1981

First “modern” CE
experiments (with 75 pm
I.d. capillaries)

Barry Karger
Northeastern University

1988/90

First DNA separations in
a capillary (gel-filled/
sieving polymer)



Stellan Hjertén

Uppsala University (Sweden)

In 2003 at age 75

P
L

With first fully automated capillary free Received his PhD (1967) under Professor

zone electrophoresis apparatus in 1967 Arne Tiselius who had developed moving
boundary zone electrophoresis in 1937

(Noble Prize in 1948)



A Brief History of Capillary Electrophoresis

1937 — Tiselius develops moving boundary electrophoresis
1967 — Hjertén uses rotating 3 mm i.d. tubes for CE

1981 — Jorgenson and Lukacs demonstrate first high
performance CE separations with 75 um i.d. capillary

1988 — Karger’s group shows DNA separations of single stranded
oligonucleotides with gel-filled capillaries

1990 — Karger’s group shows DNA separations with sieving
polymers on DNA restriction fragments

1991 — Grossman expands work with sieving polymers

1992 — Bruce McCord starts working on PCR product separations
with STR allelic ladders



My Experience with CE, STRs, etc.

May 1993 — began working in Bruce McCord'’s lab at Quantico

Sept 1993 — developed mtDNA amplicon quantitation method
(used in FBI casework from 1996 to present)

Nov 1993 — first demonstration of STR typing by CE (using
dual internal standards and THO1 ladder)

July 1995 — defended Ph.D. dissertation entitled “Sizing and
Quantitation of Polymerase Chain Reaction Products by
Capillary Electrophoresis for Use in DNA Typing”

July 1995 — ABI 310 Genetic Analyzer was released



First Rapid STR Typing with Capillary Electrophoresis

Single color detection with dual internal size standards
Butler et al. (1994) BioTechniques 17: 1062-1070

Performed in December 1993

Technology Implementation Takes Time —the FBI did not start
running casework samples using STRs and CE until January 1999



My Experience with CE, STRs, etc. (cont.)

1996-1997 Developed STRBase while a postdoc at NIST

Nov 1998 — GeneTrace Systems purchased a 310; typed
several hundred samples with Profiler Plus and Cofiler kits and
compared results to mass spec STR analysis

1999-present — Run thousands of samples with all STR Kits
available (except PP 1.2) and developed a number of new
STR multiplex systems

Jan 2001 — Published “Forensic DNA Typing: Biology and
Technology behind STR Markers” (2" Edition in Feb 2005)

April 2001-present — Use of ABI 3100 16-capillary array system



STR Allele Separation Can Be Performed by Gel or
Capillary Electrophoresis with Detection of
Fluorescent Dyes Labeling Each PCR Product
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Why Use CE for DNA Analysis?

Injection, separation, and detection are automated.
Rapid separations are possible
Excellent sensitivity and resolution

The time at which any band elutes is precisely
determined

Peak information is automatically stored for easy
retrieval

Symbol first used in Oct 1994
at the Promega meeting when |
had a poster introducing the
use of CE for STR typing




Important Differences Between CE and Gels

« Room temperature control is essential for run-to-run
precision
— CE uses sequential rather than simultaneous separations
— Usually need < 2.0 °C (must inject allelic ladder regularly)

 Lower amount of DNA loaded (injection = nL vs L)
and thus detection sensitivity must be better

« Electrokinetic injection enables dye artifacts (blobs) to
enter the capillary or microchip CE channel and thus
possibly interfere with STR allele interpretation



More Differences between CE and Gels...

Filling the capillary (or microchip CE channel) is
analogous to pouring a gel into a tiny tube...

Must be more clean around a CE system

— Because the capillaries (LCE channels) are small,
particles of dust or urea crystals can easily plug them

— Tips of capillary cannot dry out (once buffer solutions
have been run through them) for the same reasons

Bubbles are a BIG problem in CE as they can
easily block current flow in the capillary...



Capillary Electrophoresis (CE)

Argon lon
Laser

+

Fill with Polymer
Solution

~

50-100 pm x 27 cm

Burn capillary
window

Inlet Outlet
cathode anode
_ : 5-20 KV (anode)
sy _ :
Data Acquisition and Analysis

Sample tray moves

automatically beneath the -
Sample cathode end of the capillary .
tray to deliver each sample in __“

succession



Typical Instruments Used GeneAmp 9700
for STR Typing

Thermal Cycler for
PCR Amplification

Capillary electrophoresis instruments for separating and sizing PCR products
single capillary 16-capillary array
ABI 310 ABI 3100 -

. .
302N et
................
......
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J.M. Butler (2011) Advanced Topics in Forensic DNA Typing: Methodology, Table 6.1

Genetic Analyzers from Applied Biosystems

ABI Genetic  Years Released Number of Polymer
. Laser : Other features
Analyzer for Human ID Capillaries delivery
373 40 mW Ar+ PMTs and color filter wheel
(gel system) 1992-2003 (488/514 nm) for detection
377 40 mW Ar+
10 mW Ar+ . Mac operating system &
310 1995- 1 (488/514 nm) SYINGE  \windows NT (later)
3100 2000-2005 16 aesiammy  syringe
3100-Avant  2002-2007 4 58514 mm) syringe
3130 2003-2011 4 (435514 ) pump
3130x| 2003-2011 16 (458514 rrm) pump
) 110V power; RFID-tagged
3500 2010 8 10-25 mW diode reagents; .hid files;
(505 nm) gty [P normalization & 6-dye
3500x| 2010- 24 detection possible
3700 2002-2003 96 (2:8%\/1V4Ar\]rr;) Cg;ggg- Split beam technology
3730 2005- 48 (885t ) pump
3730xl| 2005- 96 (558%\’1\/4/?:;) pump

Information courtesy of Michelle S. Shepherd, Applied Biosystems, LIFE Technologies.



ABI Genetic Analyzer Usage at NIST

(All instruments were purchased using NIJ funds)

ABI| 310 Single capillary

« 1stwas purchased in 1996 as Mac
« 2" was purchased in June 2002 as NT

/" ABI 3100 © 3130x| 16 capillaries

« 1stpurchased in April 2001 as ABI 3100
— upgraded to 3130xl in Sept 2005
— Located in a different room
« 2" purchased in June 2002 as ABI 3100
— Oiriginal data collection (v1.0.1) software retained
k — updated to 3130xI in Jan 2007

~

/

ABI| 3500 8capillaries
e Purchased Nov 2010




DNA Samples Run at NIST

we have processed >100,000 samples (from 1996-present)

e STR kits

— lIdentifiler, PP16, PP16HS, Identifiler Plus, Identifiler Direct,
Profiler Plus, Cofiler, SGM Plus, ESI/ESX 17, SE33 monoplex

 Research & development on new assays
— STRs: Y-STR 20plex, MeowPlex, miniSTRs, 26plex

— SNPs: SNaPshot assays: mtDNA (one 10plex), Y-SNPs (four
6plexes), Orchid SNPs (twelve 6plexes), ancestry SNPs (two
12plexes), SNPforID (one 29plex), SNPplex (one 48plex)

 DNA sequencing
— Variant allele sequencing

We have a unique breadth and depth of experience with these instruments...



Review Article on STRs and CE

pdf available from http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Electrophoresis 2004, 25, 13971412 Contents
Review 1 Introduction ... ......oueit s
1.1 Generalaspects. . .......ccoii i
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Analytical Requirements for STR Typing

Butler et al. (2004) Electrophoresis 25: 1397-1412

* Fluorescent dyes must be
spectrally resolved in order
to distinguish different dye
labels on PCR products

 PCR products must be
spatially resolved — desirable
to have single base resolution ﬂ J\ M
out to >350 bp in order to
distinguish variant alleles

* High run-to-run precision —
an internal sizing standard is nﬂ
used to calibrate each run in )J[

order to compare data over
time
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Detection with Multiple Capillaries (irradiation for
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Process Involved in 310/3100 Analysis

e Separation
— Capillary — 50um fused silica, 43 cm length (36 cm to detector)
— POP-4 polymer — Polydimethyl acrylamide
— Buffer - TAPS pH 8.0
— Denaturants — urea, pyrolidinone
 Injection
— electrokinetic injection process (formamide, water)
— importance of sample stacking

 Detection

— fluorescent dyes with excitation and emission traits

— CCD with defined virtual filters produced by assigning certain
pixels



Separation



Ohm’s Law

V = IR (where V is voltage, | is current, and R is resistance)

Current, or the flow of ions, IS what matters most in
electrophoresis

CE currents are much lower than gels because of a
higher resistance in the narrow capillary

CE can run a higher voltage because the capillary offers
a higher surface area-to-volume ratio and can thus
dissipate heat better from the ion flow (current)



DNA and Electrophoresis

“From a practical point of view it is disappointing that
electrophoresis cannot be used to fractionate or analyze
DNA'’s on the basis of size” Olivera, Biopolymers 1964, 2, 245

— r  smallions with high
Hep q/6mm charge move fastest
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As size increases so does charge!
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Larger DNA molecules interact
more frequently with the gel and are

Gel thus retarded in their migration
through the gel
(b)
(| O \
o o Long DNA
m o / molecules
Small DNA
molecules
(| (| =
(| N =
(| (|
(| = N
(|
Ogston Sieving Reptation

Figure 12.4, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



Separation Issues

Electrophoresis buffer —

— Urea for denaturing and viscosity

— Buffer for consistent pH

— Pyrolidinone for denaturing DNA

— EDTA for stability and chelating metals

Polymer solution -- POP-4 (but others work also)

Capillary wall coating -- dynamic coating with polymer
— Wall charges are masked by methyl acrylamide

Run temperature -- 60 °C helps reduce secondary
structure on DNA and improves precision.
(Temperature control affects DNA sizing)



What is in POP-4 and Genetic Analyzer Buffer?

5 FYSF Chford University Press Nucleic Acids Research, T9Y7, Voll 25, Noo 18 3935-3929

Improved single-strand DNA sizing accuracy in
capillary electrophoresis

Barnett B. Rosenblum®*, Frank Oaks, Steve Menchen and Ben Johnson

PE Applied Biosystemns, 850 Lincoln Centre Drive, Foster City, CA 94404, USA

Receivad May 29, 1957, Ravised and Accepied August &, 1897

See also Wenz et al. (1998) Genome Research 8: 69-80

POP-4 (4% poly-dimethylacrylamide, 8 M urea, 5% 2-pyrrolidinone)

US Patent 5,552,028 covers POP-4 synthesis

\N/ \N/

Running buffer contains 100 mM
TAPS and 1 mM EDTA (adjusted
to pH 8.0 with NaOH) TAPS = N-
Tris-(hydroxymethyl)methyl-3-
aminopropane-sulfonic acid




Caplillary Wall Coatings Impact DNA Separations

Electrophoretic flow s

(-

- “ | '
by N e AT

Capillary Wall SiOH =P SiO- + H*

<« Electroosmotic flow (EOF)

Solvated ions drag solution towards cathode in a flat flow profile



How to Improve Resolution?
1. Lower Field Strength
2. Increase Capillary Length
3. Increase Polymer Concentration

4. Increase Polymer Length

All of these come at a cost of longer separation run times




Impact of Capillary Length and Polymer Concentration
on DNA Sequencing Resolution

| Z?EI | 2r|4l:| 250 y ZIISI:I 270 Za0 Z?D S00 3]I.I:I | 32I:I |
CATTALTTGCGTTGCGC TCACTRCCCGE TTIC CAGTCGGEAL AL CTGTCGTGCCAGC TGCAT TAATGALTC GGLCALC GC G rGGGhGAGGCGGTITGEGTA’ITGG
310 POP4-20min (36cm) Mﬂ}m \'D ij)
| i :
CATTALTTGCGT TG G TCACTECCCGE T I CAGTC GG AL AL CTETC TGO CAGC TG AT TALTGALATCGEGCCALAC GCGLRGEERGAGGCGETITELGTATTGE
310 POP4-30min (36cm) Ww \W)
-
CATTAATTGCGTTGEGCTCACT ECC G T T I CCAGTC GG AN CTETCGT G CAGCTGCAT TALTGAATCGGCCAACGLGERGERGAGGCGETTTEGCGTAT TG
310 POP6-36min (36cm) ] \W\
CATTALTTGCGTTGLGCTCACTECCORE TTIC CAGTC GG LR AL CTGTCGTGCCAGC TOL AT TALTGAATCGELCALC GEGL RGO GAGGC GETTI TG GTATTGE
S0 PORE-Somin (Seem) WMWNM 0
CATTALTTGCGTTGLGCTCACTRCCORE TTIC CAGTCGGRLR AL CTGTCGTGCCAGC TGO AT TALATGAATCGGLCALC GEGL RGO GAGGCGETTITGL GTATTGG,
310 POPE-120min (36em) e TM ) W
|h H
CATTALTTGCGT TG G TCACTECCCGEE T I CAGTC GG LA A CTETC TGO CAGC TG AT TALTGALTC GG CAAC GG RGE AL GAGGCGETITELGTATTGE
310 POP6-120min (50cm) MM
CATTALTTGCGTTGCGCTCACTRCCCGETTICCAGTC G EALLLD CTGTEGTGCCAGCTGCA’I’TMTGAATCGGECMCGCGC EEGE CAGGCGETI TGO GTATTEE
3130 POP7-120min (80cm) U m MW}\R mm{\nn
CATTALTTGCGTTGCGCTCACTRCCCGE T ICCAGTCGEALLLD ETGTEGTGCEAGCTGCA’ITAJLTGAATCGGECA}LCGCGC rGGGhGAGGCGGTITGEGTA’ITGG

Longer run times
at lower voltage

BigDye® Terminator v3.1 Sequencing Kit (Sample: pPGEM)




Injection



Electrokinetic Injection Process

Capillary

Electrode

Amount of DNA injected Is
Inversely proportional to the
lonic strength of the solution

Salty samples result in
poor injections




Capillary and Electrode Configurations

(&) Single-Capillary (b) Multi-Capillary

MM 1 Electrode Electrode Configuration

©

v’.
3

PCR products
In formamide
or water

Sample Tube



ABI 310
Electrode adjacent to capillary

-~

S — Capillaries

| capillary

ABI 3100
Individual electrode surrounds each capillary




Sample Conductivity Impacts Amount Injected

Et(ﬂ:rz) (”ep + erf)[DNAsample] (}"buffer)

}"sample

[DNA;;] =

[DNA;,] is the amount of sample injected ~ [DNA, ] IS the concentration of

DNA in the sample
E is the electric field applied

A is the buffer conductivit
t is the injection time buffer y

r is the radius of the capillary Asample IS the sample conductivity

Hep IS the mobility of the sample molecules

Cl- ions and other buffer ions present in
PCR reaction contribute to the sample
conductivity and thus will compete with
DNA for injection onto the capillary

Ko IS the electroosmotic mobility




Steps Performed in Standard Module

See J.M. Butler (2005) Forensic DNA Typing, 2"d Edition; Chapter 14

« Capillary fill — polymer solution is forced into the capillary by applying a force to
the syringe

 Pre-electrophoresis — the separation voltage is raised to 10,000 volts and run
for 5 minutes;

« Water wash of capillary — capillary is dipped several times in deionized
water to remove buffer salts that would interfere with the injection
process

« Sample injection — the autosampler moves to position Al (or the next sample in
the sample set) and is moved up onto the capillary to perform the injection; a
voltage is applied to the sample and a few nanoliters of sample are pulled onto
the end of the capillary; the default injection is 15 kV (kilovolts) for 5 seconds

« Water wash of capillary — capillary is dipped several times in waste water to
remove any contaminating solution adhering to the outside of the capillary

« Water dip — capillary is dipped in clean water (position 2) several times

« Electrophoresis — autosampler moves to inlet buffer vial (position 1) and
separation voltage is applied across the capillary; the injected DNA molecules
begin separating through the POP-4 polymer solution

« Detection — data collection begins; raw data is collected with no spectral
deconvolution of the different dye colors; the matrix is applied during Genescan
analysis



Comments on Sample Preparation
* Use high quality formamide (<100 uS/cm)

* Denaturation with heating and snap cooling is
not needed (although most labs still do it...)

* Post-PCR purification reduces salt levels
and leads to more DNA injected onto the
capillary



Removal of Dye Artifacts Following PCR Amplification

|'::{ 60 20 100 120 140 160 120
2000 _ THO1 No Filtering (Straight from PCR)
el TPOX

CSF1PO
1000
/ D21S11
w1/ 75820
e _ L A
4000 _ THO1 ey Filtered with Edge
: columns
2000 TPOX
: CSF1PO
Note higher FGA D21S11

RFU values due
to salt reduction

with spin
columns

EDGE GEL 75820
FILTRATION
CARTRIDGES




Why MiniElute increases peak heights

QIAquick and MinElute Procedure

 QIAGEN MiniElute reduces QIAGEN
salt levels in samples

PCR or other
enzymatic reaction or

-

solubilized gel slice

causing more DNA to be qi %
Injected S

T Voci;um

. . . ¥ °F
* Requires setting a higher 5 <
stochastic threshold to AZ oy
account for the increased Tj H'j
sensitivity L

7 § B

) Pure DN:frogment ’

Smith, P.J. and Ballantyne, J. (2007) Simplified low-copy-number DNA analysis
by post-PCR purification. J. Forensic Sci. 52: 820-829


http://www1.qiagen.com/

Stochastic Effects and Thresholds

Regular Injection

When PCR amplifying low levels of

DNA, allele dropout may occur

R Allele failed to amplify

False homozygote

Injection Following Desalting (MiniElute)

Stochastic threshold
must be raised

Allele failed to amplify

'




Detection



Optics for ABI 310
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Fluorescence
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Methods for Fluorescently Labeling DNA

(@)

(b)

Unlabeled DNA

Intercalator inserts

/ﬁ _

o between base pairs on
Ethidium SYBR Green double-stranded DNA
bromide =

% %

\

R

DNA labeled with
intercalating dye

P Fluorescent dNTPs are incorporated
into both strands of PCR product

II I J
p p pp

O\: One strand of PCR product is

Fluorescent dye labeled with fluorescent dye
labeled primer QI:




The polymerase chain reaction (PCR) is used to
amplify STR regions and label the amplicons with
fluorescent dyes using locus-specific primers
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ABI Fluorescent Dyes Used in Four-Color Detection

FAM JOE
(blue) (green)

HO o) 0 Cl cl




Fluorescent Emission Spectra for ABI Dyes

NED is a brighter
>-FAM NED ROX dye than TAMRA

s
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Normalized Fluorescent
Intensity
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Laser excitation
(488, 514.5 nm) ABI 310 Filter Set F




(@)

(b)

Relative Fluorescence Units

Relative Fluorescence Units
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Importance of Spectral Calibration

Before Color Separation

|

|

AN £

After Color Separation
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ABI 310 Data




Matrix with 4 Dyes on ABI 310

c40= DX, + gy, + ¥z, + rw, intensity of blue
s60= DX, + 9Y4 +YZ, + 1w, intensity of green

I
I
lsgo= bX, + gy, +yz, + rw, intensity of yellow
I

s10= bX, + gy, +yz, +yw, intensity of red

=[I=———— POP4STRMODF

Where Heactions
b is the %blue labeled DNA ] i " .
g is the %green labeled DNA, etc.

B 10000 | (o502 | {01380 | |o.0009 |
X,y,Z,w are the numbers in the G l0.s300 | [1.0000 | {07622 | |o0.0051 |
matrix (sensitivity to each color) ¥  |0.6416 | [0.8324 ] [1.0000 | [0.1102 |

R |0.4493 | [06454 | [0.7851 | | 1.0000 |

If you solve xyzw for each dye individually
Then you can determine dye contribution for any mixture



Mormalized Emission

5 x 5 matrix for 5-dye analysis on ABI 310

crad VIC NED FET Lz & GFAM_VIC_NED_PET_LIZ_042004 mtx E
| 1 |

100 I Reactions
50 B G v R 0
&0 B [1.0000 | fozFas |oozzo | [oooss | |0.0d07
o G o522z (10000  |0.4477  [00236 | |0.0050
# : Y [o.z7e1 | fosg4os  [0000 0 [os220 0 |0.0036
0 T T T T T T T T T T T T T
500 550 &00 650 700 R |oaszs | fozess | [o7ziz | 10000 | [o.oosq
Wavelength (nm} a loo1zs | Joozss | [oosoo | Jo14g4 | [1.0000
Raw Data for Matrix Standards Processed Data (matrix applied with baselining)
q| 2600 2000 4200 4500 4200 100 400 700 G000
,«;. Ny =
’ = 6FAM 1 4 1| [ e M
S ey = vic = | M Y )
¥ =
4=t Eh=cl b= NED | ) || Ll ol A
== @ = PET =1 , L irl wow i
= Lz [’ ) T A




Virtual Filters Used in ABI 310

Visible spectrum range seen in CCD camera

625

650 675 700 nm
| | |

500 525
HEJﬂ
NED PET ROX
FL TET
EAM JO\%C TMR
Filter A B B
Filter C ENEE B .
Filter F B B O .
Filter G5 R
Blue Green Yellow Red
Filter A FL JOE TMR CXR
Filter C 6FAM TET HEX ROX
Filter F 5FAM JOE NED ROX
Filter G5 6FAM VIC NED PET

Commonly used
fluorescent dyes

Arrows indicate the dye emission spectrum maximum

Filter sets determine what
regions of the CCD camera
are activated and therefore

what portion of the visible

light spectrum is collected

Orange Used with These Kits

PowerPlex 16
in-house assays
Profiler Plus
LIZ Identifiler



Variable Binning Increases Red Peaks
Comparison of Data Collection Versions

@ | (b)

AL

ABI 3100 ABI 3130x|
Data Collection v1.0.1 Data Collection v3.0

The same PCR products examined with different data collection versions. In (a) there
Is an equal number of pixels of light collected from the CCD camera for the blue-
labeled and red-labeled peaks. In (b) the signal increase in the red dye-labeled PCR
products is accomplished with ‘variable binning” where more pixels of light are
collected from the CCD camera in the red-channel to help balance the less sensitive
red dye with blue dye-labeled amplicons.



Deciphering Artifacts from the True Alleles

Biological (PCR)
artifacts STR alleles

Stutter products /\

spike
Dye blob  stutter
6.0% 7.8% /
L N

™
NN Blue channel

D3S1358

Incomplete Green channel

adenylation

Pull-up /’
(bleed-through) —

Yellow channel

Red channel

D8S1179




NIST ABI 3100 Analysis Using POP-6 Polymer

High Resolution SNaPshot SNP Typing
STR Typing (Coding Region mtSNP 11plex minisequencing assay)
THO1 +By = 2 . 50 00

-N\—— 8000 _ Result from 1 pg (genomic DNA)
6000 _
187 .11 .
10 2000
183 05 0 l

5N B VR 4
%ﬁ ESIRCANNS ﬂqﬂr PO RSP &3% KA

MtDNA Sequencing (HV1)

AAAAMACCCAAT CCAC AT CALAAACCCCCTCCCCAT GO TT ACAAGCAAGTACAGCAATCAACCC TCAACTAT
160 170 180 190 200 210 220




Maintenance of ABI 310/3100/3130

Syringe — leaks cause capillary to not fill properly
Capillary storage & wash — it dries, it dies!
Pump block — cleaning helps insure good fill
Change the running buffer regularly

YOU MUST BE CLEAN AROUND A CE!



Protocols Used for STR Typing

Most forensic DNA laboratories follow PCR amplification
and CE instrument protocols provided by the
manufacturer

Comments
— Lower volume reactions may work fine and reduce costs

— No heat denaturation/snap cooling is required prior to loading
samples into ABI 310 or ABI 3100

— Capillaries do not have to be thrown away after 100 runs
— POP-4 polymer lasts much longer than 5 days on an ABI 310
— Validation does not have to be an overwhelming task




ABI 3500
Genetic Analyzer



ABI| 3500 Genetic Analyzer

‘ New Features of the ABI 3500 CE

« animproved polymer delivery pump
design,

 ready-to-use consumables and
containers,

* Radio Frequency Identification (RFID)
consumable tracking,

* quality control software features for rapid
identification and re-injection of failed
samples,

* increased throughput,
* new laser technology,
. - * reduced power requirements,
3500 (8 caplllary) « peak height normalization,
* intuitive user software, and integrated

e 3500x| (24 capillary) !orimary analysis spftwarg, |
« Improved peak height uniformity across

capillaries, runs and instruments
 6-dye channel capability




Detalls of the new ABI 3500

Improved sealing for better
No lower pump block temperature control

(fewer air bubbles) (improved precision?)




Primary Differences Between 31xX
and 3500

31xx Instruments

Argon ion (Ar+) lasers with
488/514 nm wavelengths for
fluorescence excitation

220V power requirement

Optimal signal intensity 1500-
3000 RFU

Data signal depressed 4-
fold during data collection

Currently validated and
operational in most forensic
laboratories (.fsa files)

3500 Instruments
Single-line 505 nm, solid-state
long-life laser
Smaller footprint
110V power requirement

Optimal signal intensity can
approach 20,000-30,000 RFU

Normalization of instrument-to-
iInstrument signal variability

— Ability to increase or decrease
overall signal

Requires the use of GeneMapper
IDX v1.2 (.hid files)




ABI| 3500 ‘Dash Board’ Data Collection

v Gauges
POP?7 Polymer AB 3500 Buffer - (Anode) AB 3500 Buffer - (Cathode) 50cm - 24 cap Array
384 576 3 4 3 4 64 96
oY y, 2 WOy, s y L, R 3 T QP
192 . /., 768 A 4 A ’. 32 Y /. 128
N » > ’ > 7508 N »
9 - % l - I » 3 144
0' <96 0 -l 0 a7 0n 16(
>/ <
634 Samples Remaining 5 Days Remaining 5 Days Remaining 43 Injections Performed
(34 Injections Remaining) {50 Injections Remaining) (30 Injections Remaining)
Consumable Name Status Days on Instrument | Expiration Date | Lot Number Part Number
Polyrmer POP7 634 Samples Remaining 0 04-Sep-2009 11... 51A007 4393714
Anode Buffer AB 3500 Buffer 5 Days Remaining 2 08-May-2009 1.. 51-B-34007 4393718
Cathode Buffer  AB 3500 Buffer 5 Days Remaining 2 05-Jun-2009 11.., 8751-6TH-B 4408256
Capillary &rray  50cm - 24 cap 117 Injections Remainin 0 01-Jan-2010 11... 80K005 4404688 - Serial # 80K2450
(1 J
; — Tracks the numbers of samples for ‘QC purposes 5
¥ Maintenance Notifi

MName lPriority ’Notification Date }Description 1Action

Clean Autosampler HIGH  17-Mar-2009 12:00:00 AM Clean Autosampler &
Flush Purnp Trap HIGH  17-Mar-2009 12:00:00 AM Flush Pump Trap e
Run Performance Check HIGH  17-Mar-2009 12:00:00 AM Run Fragment/HID and/or Sequencing Performance Check &
Check Disk Space HIGH  17-Mar-2009 12:00:00 AM Check Computer for Disk Space e
Perform Planned Maintenance HIGH  17-Mar-2009 12:00:00 AM Perform Planned Maintenance &




ABIl 3500 Generates Excellent Data

STR typing with a 1:7 mixture using 36 cm array and POP4

1

9 |10 13
A0V 713 2611

DNA sequencing of an SE33 allele using 50 cm array and POP7

I nummmunumuuuuuuum mmmlmdum“uumuuuml mlmuhmulmhl uulm

BGA DA DD A LA AL AL AGLERGALAGALRGALDEGASAGLADGEAALGARDGALLGAGCAMGTTAC




|dentifiler Result on ABI 3500xl|

posTrg 7Sz L
123 163 2035 245 2835 323 363
A0000
e 27,684 RFU
20000
40000
a
11
6381
[ Mark Sample For Deletic
Mho sty [[messl ]
1235 165 205 245 285 325 365
A0000
a0 40,002 RFU 32,763 RFU
20000

0

19
15453
[] Mark Sample fFor Delstic
245 235 325 385
40000
No pull-up observed
20000
40000 ﬂ I
]
[ Mark Sample For Deletic
125 165 205 245 235 325 365
40000
30000
20000

40000 }l\\_}IL
0

2]



NIST Calculated Cost per Sample for
ABI| 3130x| vs. 3500 and 3500x| Reagents

Running two plates per day (10 plates per week)

$1.60
$1.40
$1.20
$1.00
$0.80
$0.60
$0.40
$0.20
$0.00

Cost Per Sample

m 3130

m 3130 (AB
Assumptions)

. m3500

3500xl



Troubleshooting:
Strateglies and Solutions



Bruce McCord’s Profiles in DNA Article

PROFILES IN DNA Volume 6 (2), Sept 2003, pp. 10-12

TECH TIPS

Troubleshooting Capillary Electrophoresis Systems

By Bruce McCord
Associate Professor of Forensic Chemistry, Ohio University, Athens, Ohio

INTRODUCTIOMN

The development of capillary electrophoresis (CE) has played a key role in bringing about
the modern application of DMNA typing. Forensic laboratories are the beneficiaries of this
new technology, but many practitioners are not fully aware of the underlying principles of

The key to producing

good D,'\'.,{,q ) the CE system. This article attempts to address the important issues in CE separations
separations Is to to aid analysts in troubleshooting problematic separations. The key to producing good
understand the DMNA separations is to understand the principles underlying the injection, separation and

detection of each allele. These points are addressed below.

principles underlying
the injection,

. d SEPARATION
separ*afu.fm an DMA analysis by CE is performed using entangled polymer buffers (Figure 1). These
detection of each buffers can be easily pumped into a capillary prior to a separation and pumped out
allele. at its conclusion, providing a fresh separation matrix for each run. A typical buffer for

forensic DNA separation contains 4% polydimethyl acrylamide (pDMA), buffered to pH 8
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Troubleshooting Amplification and Electrophoresis of the AmpF/STR® Kits

One of the key responsibilities of our Human Identification Field Application Specialists is to
troubleshoot results obtained using any of the AmpF/STR® kits on any Applied Biosystems validated
instrument platform.

PCR products:

* Loss of resolution
* Arcing

* Low reproducibility
* Contamination

* Baseline issues

Troubleshooting Electrophoresis

Below are some common observations that may be seen during electrophoresis of AmpF/STR® kit

* Spikes/Extraneous peaks
* No signal or low signal

* Poor peak morphology

Spikes or Extraneous Peaks




External Factors

« Room temperature

— Variations in room temperature can cause mobility shifts with
band shifts and loss of calibration

— Temperature is also important due to effects of high humidity on
electrical conductance

* Cleanliness

— Urea left in sample block can crystallize and catalyze further
crystal formation causing spikes, clogs and other problems.

— Best bet is to keep polymer in system and not remove or change
block until polymer is used up.



Effect of temperature on allele size

FGA Allele 30

268

265 ’\‘\’\'\*M

Q262

n 259

256

253 ; ; ; ; ; T

40 45 50 55 60 65 70 75

Temperature

Slope is 0.14 bases/degree centigrade
Therefore a small change in temperature has a big effect
(A 1-2 degree shift in temperature of the heat plate can produce an OL allele)

Hartzell, B., et al. (2003). Response of short tandem repeat systems to temperature and sizing methods.
Forensic Science International, 133, 228-234.
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Temperature Effects
Off-Ladder “OL Alleles”

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
270 220 290 Z00 Zi0 z20 zI[ Z40
5551
1 LADDER=ample3 A Green LADDEE
2000
1500
1000
00
1Z 51
ZET 03 Z21 46
HESS0109.. Zsample21 21 Green HESS0109K12
4000
200
13 oL Allele 7
ZE7 33 T2z 19




“OL alleles ” - look at the 250 peak

s00 210 220 230 240 250 260 270 280 290 00 10
LADDERzampleZ 3 Red  LADDER
200
00
400
200
20000 245 56 0000
HES90109.. Zzample2l 21 Red  HES90109K12
500
.0.44 bp 500
400
200
1 1 JI
20000 245 47 0000




“OL allele re-injected”

220 230 240

vl o
0 270 280 290 00 210

13551
Praofiler.. FFrafil-3 16 Green Profiler Plus L&DDER
1500
1000
500
13 1
286.94 32115
HES20109.. 29010912 14 Green HEZ20109E1 2
&00
4000
200
13 1

SEE O z21 01




And the 250 peak...

20 200 210 220 IO 240 Z30 Ze0 ZV0 zE0 290 00 310 ZZ0

ler.. EFrofil-3 16 Eed  Profiler Plus LADDER

300
&0
—400
200
"I.I'_ \ JII-|. . "I.I""' [
200,00 246,21 00,00
110999010912 14 Bed  HEZ90109K1 2
.0.12 bp pedll
—&00
300
..I W .|I W [

200 .00 246 09 Z00.00




Refrigerator and freezer monitoring

Temperature Probes

Frig/Freeze Monitors $240
#DT-23-33-80 — USB Temperature Datalogger
PLUS Software $79.00 (#DT-23-33-60)

Room Monitors, # DT-23039-52 — USB
Temperature-Humidity Datalogger $91.00

( Cole Parmer, Vernon Hills IL)

Room temperature monitoring




Monitoring Instrument Room Temperature Fluctuations

© 227/A23 it
200 . S —————y USRS ST r_U_J_u_-L.BD Temperature
18.0 B R RURTA DY 'y _____________________ " Monitoring of two

16.0

separate
Instrument rooms.

60
14.0

12.0 S0

10.0

“40 . Box areais a 24
hour period where
temperature
control is not
stable.

Celsius dew point Humidity

From:- 16 October 2006 07:43:11 To:- 19 October 2006 13:08:11

200

18.0

16.0

14.0

12.0

100

Celsius dew point Humidity

From:- 16 QOctober 2006 07:45:58 To:- 19 October 2006 13:10:58



Poor Temperature Control
Causes DNA Sizing Imprecision

Ladder Overlay, 6FAM
Combol, 3130xl




Use of Second Allelic Ladder to Monitor Potential Match
Criteria Problems

rrtrrtrrgrttrrgrrtrvrrrtrrtrtrorrrrtrrgrrrtrrrrrttrrrr|rrrrrrrr|rrrr|rrrr|rrrrrrrr|rrrr[ 111171
260 265 270 75 250 285 290 295 300 305 310 315 320 325 330 335 34 345

| 012551 '
* ProPlus LADDER.fs3 1 Green ProPlus LADODER I 1St Injectlon (Standard for typlng)
i)
400
200
Bl [ | [ [F [ [d)[g 9 [ [o [ [0 Bl [P [ 4 [
[271.07][275.12] [279.41] [253 48] [z87 7 1][291 53] [300.40] [205.13] |309.87) [314.37] [319.03] [325.23] [327 47| (231 64] 335 74 [339.59]
10.2 13.2] [14.2 34327
27715 (28977 |[206.08]
Diass1 |
PraPlus LADDERT . fsa 1% Green  ProPlus LADDER th - -
15™" Injection (treated as a sample) |
oo
400
200
[11] (7] [g] [9)[oLAele ] | [OLAele?] | [OLAll 7 [25] [29]
[270.34][274.94][279.17] [257.33) |291.74 [zo0.00] [204.71] [309.45] [213.97] [215.28] [21.04]|335 20| [339 42|
[10z]  [z&3.18] [13.2] [14.2] A A 343 .59
[z77 o8] [z2o.a7] |[z95.20] 53| [326 41
[253 54 A A [OCAEET]
-0.75 bp T -0.54 bp

These alleles have drifted outside of their
genotyping bins due to temperature shifting
over the course of the sample batch



Cleanliness

Urea sublimates and breaks down to ionic components -
these find a path to ground

Similarly wet buffer under a vial creates paths to ground

Capillary windows must be clear or matrix effects will
occur

Laser will often assist in this process

Vial caps will transfer low levels of DNA to capillary



Carbon Tralls

High Humidity

or wet buffer vials
can create other
paths to ground

Keep Your‘ System Clean!



Instrumental Factors

Optical System

— Sensitivity changes with age, capillary diameter, capillary
cleanliness, instrument calibration

Fluidic System

— Effects of bubbles, dust, urea crystals, leaks in syringe and
capillary ferrule

Matrix Calculations

— Changes in buffer, optics, sample dye can alter the software
calibrations

Capillary Problems

— Chemisorbed materials on capillary surface can produce osmotic
flow, DNA band broadening and inconsistent resolution
(meltdowns)



The Detection Window

Make sure that the capillary
window is lined up (if it is not,
then no peaks will be seen)

Window may need to be cleaned
with ethanol or methanol

Detection Window

Review Start of Raw Data Collection

1000 : 1000 :
anp 400 =

I a0o _
Cap”Iary 00 _w oo _
o Ll | o s
5nn_§l!| I | 5nn_§

" 400 400 e
‘ Little spikes indicate need to
change buffer... check current




it GeneScan 3.7 - [bm.Fza]

.Eile Edit Project Sample Seltings Wiew indows Help

+[8YG

These spikes resulted from
buffer dilution with poor
water. The problem
disappeared when the
HPLC grade water was
purchased to dilute buffer
.| andsamples

ang el 4{1. L | II‘LII; JL Lk {J]Ll Lodio . I ot
1 .L.j
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i
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el (b Bl ¥ il
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Beware of Urea Crystals

Pump block should be well cleaned to avoid
problems with urea crystal formation

Urea crystals have
formed due to a small
leak where the capillary
comes into the pump
block

Urea sublimates and can
evaporate to appear
elsewhere

Use a small balloon to
better grip the ferrule and
keep it tight



Buffer Issues

The buffer and polymer affect the background
fluorescence- affecting the matrix

Urea crystals and dust may produce spikes

High salt concentrations may produce reannealing of
DNA

High salt concentrations affect current

Low polymer concentrations affect peak resolution



Meltdowns can be permanent or transitory

as we have seen these may result from sample contamination effects

+ 8N

40

4

100 125 140 175 200 225 2480 275 300 225 350 375 400 42h 450 475

1600
1200
200 "

400
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Does the capillary need to be replaced?

No! The next injection looks fine...
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Meltdowns may be the result of

Bad formamide

Excess salt in sample/renaturation
Water in the polymer buffer
Syringe leak or bottom out
Poisoned capillary

Conductive polymer buffer due to urea
degradation

Crack/shift in capillary window
Detergents and metal ions



Troubleshooting benchmarks

Monitor run current

Observe syringe position and movement during a batch
Examine ILS 